Abstract: During a survey for nematodes associated with conifers in northern Iran, a known species of Laimaphelenchus was found in the bark samples of Taxus baccata L. trees and is described and illustrated here as L. deconincki Elmiligy & Geraert, 1972. It is characterized by lacking a distinct labial disc on the cephalic region; having six amalgamated labial sectors of equal width, separated by pairs of well-developed ribs; three lines in lateral field; the presence of a vulva flap; vagina surrounded by a cuticularised tube in which the walls vary in thickness; the post-uterine sac 25-62 µm long; tail with a single stalk-like terminus and four pedunculate tubercles; and absence of males. L. deconincki is morphologically very similar to L. cocuccii, but differs in the shape of the vaginal musculature (more angular vs round). Additional information on morphological characters and also the phylogenetic relationships of this known species using sequences of the D2/D3 region of the 28S ribosomal RNA gene is provided and added herein.
Introduction
The genus Laimaphelenchus Fuchs, 1937 is generally characterized by the shape and structure of the tail tip, bearing four pedunculate tubercles with fringed margins (Hunt 1993) . Zhao et al. (2007) emended the diagnosis of the genus, showing that the structure of the tail terminus varies between species of Laimaphelenchus: some species having one simple tubercle with finger or knob-like protrusions; others having three to four pedunculate tubercles with or without fringed margins.
This genus is mostly found associated with moss, algae and lichen on trees, particularly conifers, and also in tunnels of wood-boring insects (Hunt 1993) . To date, fifteen valid species reported from all continents are known in the genus Laimaphelenchus Fuchs, 1937 (Hunt 1993 Swart 1997; Peneva & Chipev 1999; Zhao et al. 2006a Zhao et al. , b, 2007 Negi et al. 2009; Asghari et al. 2012) . These species are: Laimaphelenchus penardi (Steiner 1914) Filipjev & Schuurmans Stekhoven, 1941; L. pannocaudus Massey, 1966; L. pensobrinus Massey, 1966; L. phloesini Massey, 1974; L. deconincki Elmiligy & Geraert, 1972; L. pini Baujard, 1981; L. cocuccii Doucet, 1992 (Baujard 1985; Hunt 1993) .
During the investigation of nematodes associated with conifers in northern Iran, a known species of Laimaphelenchus was found in bark samples from Taxus baccata L. trees and is described and illustrated here as L. deconincki. This species was described about 42 years ago by Elmiligy & Geraert (1972) , from France. Since then, little information on the morphology of this species has been added and no molecular studies have been made. The aim of this study was to identify the molecular and morphological characterization of specimens of L. deconincki from northern Iran.
Material and methods

Nematode materials
Bark samples were collected from Taxus baccata L. trees in the Caspian region in the north of Iran. Using a hatchet, bark samples were chipped from the trunk of the trees, sealed in plastic bags and taken to Nematology laboratory of the Plant Protection Department, Faculty of Agriculture, University of Zanjan for identification of associated nematodes. Then, the pieces were placed on a mesh tray with 1 mm openings suspended over a dish containing sufficient water to slightly cover the bark pieces. Over 3 days, the nematodes (adults and juveniles) that emerged into the water were recovered. Nematodes were collected on 400 mesh (37 µm aperture) sieves. The specimens were killed by adding FGA 4 : 1 : 1 (formaldehyde, glycerin and acetic acid) and then processed to anhydrous glycerin using De Grisse's (1969) method. After preparation of permanent slides, the nematodes were studied using a light microscope (Olympus BH2). Measurements and photomicrographs were done using DinoCapture software attached to a light microscope. Measurements are given in µm. Drawings were made using a drawing tube attached to the microscope and were prepared for publication using Adobe Photoshop 7.0 ME software.
Phylogenetic analysis
For molecular study, one to five nematodes specimen were hand-picked into distilled water, their identity was confirmed with light microscopy, and then a nematode was put in 50 µl of AE buffer (10 mM Tris-Cl, 0.5 mM EDTA; pH 9.0) and crushed into multiple pieces on a microscope slide with a pipette tip (Pedram et al. 2011) . DNA samples were stored at -20
• C until used as a PCR template. The forward D2A (5'-ACAAGTACCGTGAGGGAAAGTTG-3') and reverse D3B (5'-TCGGAAGGAACCAGCTACTA-3') primers were used for amplification and sequencing of the fragment of the 28S rRNA gene (Nunn 1992) .
PCR amplification was performed in a final volume of 25 µl containing 1 µl MgCl2, 1 µl dNTPs, 3 µl of each primer (10 pmol µl −1 ), 2.5 µl of 10× buffer (100 mM Tris-HCl, 500 mM KCl, pH 8.4), 0.4 U Taq DNA polymerase (CinnaGen, Tehran, Iran), 3 µl of template DNA and 10.1 µl ddH2O. The cycling conditions consisted of an initial denaturation at 94
• C for 5 min, followed by 35 cycles of denaturation at 94
• C for 30 s, annealing for 45 s at 55
• C, and extension at 72
• C for 2 min, with a final elongation step for 10 min at 72
• C (Ye et al. 2007) . PCR products were electrophoresed in 1% agarose gels cast in TBE buffer (90 mM Tris base, 2 mM EDTA, 90 mM boric acid, pH 8.3) at 85 V and stained with ethidium bromide. Gels were photographed under UV light.
The PCR products were sent for sequencing in both directions (Bioneer company, South Korea). The newly obtained nucleotide sequences were read and edited with FinchTV v. 1.4.0 (Geospiza Inc.). All sequences were checked manually and nucleotide arrangements at ambiguous positions were clarified using both primer direction sequences. The resulting ribosomal DNA LSU sequence was deposited in GenBank under the accession number KF998578 and compared with other nematode species in GenBank using the BLAST homology search program. The most similar sequences were downloaded for phylogenetic analysis.
Twenty three LSU published sequences from GenBank were included in our phylogenetic analysis (Table 1) . Nematode species and GenBank accession numbers are listed for each taxon in the phylogenetic trees if known. DNA sequences were aligned in ClustalX implemented in MEGA version 5.0 (Tamura et al. 2011 ) using default parameter values. We used jModeltest v.0.1.1 (Posada 2008) to select the best AIC model. Bayesian analyses were conducted in MrBayes v.3.1.2 (Ronquist & Huelsenbeck 2003) according to the evolutionary model and parameters suggested by jModeltest. We ran four MCMC chains for 1,000,000 generations (lset number of substitution types = 6, rates = gamma, number of rate categories for the gamma distribution = 4, sampling frequency = 100 generations) until a standard deviation of split frequencies of 0.0089 was attained. We started analysis from a random topology and used a temperature of 0.2 a burnin of 10% of trees and a thinning interval of 1,000. Multiple runs were performed to ensure convergence and the resulting perimeter files were inspected for chain convergence in Tracer 1.4 (Rambaut & Drummond 2007) . The trees were rooted using sequences of Aphelenchus avenae. (Figs 1, 2) Measurements. See Table 2 . Description. Female. Body ventrally arcuate in heat relaxed specimens. Cuticle with fine transverse annulations about 1-1.5 µm apart at mid-body. Lateral fields with three incisures, the inner one being less apparent, occupying about one-fifth of body diameter, not areolate, the external lines extending to origin of tubercle, the internal one generally ending near the anus.
Description of Laimaphelenchus deconincki
Head region rounded, slightly offset by a fine constriction, and slightly wider than body at base, 2-2.5 µm high and 5.5-6.5 µm wide; head skeleton poorly developed. The cephalic region lacks a distinct labial disc, six amalgamated labial sectors of equal width, separated by pairs of well marked ribs (Fig. 1B, C and 2D, E). Cephalids not seen.
Stylet slender with small basal swellings; conus at 39-45.5% of stylet length. Procorpus cylindrical, 34-37 µm long, median bulb rounded to oval, 16-18 µm long, 10-11.5 µm wide with crescentic valves centrally, located 51-58 µm from the anterior end. Nerve ring located anterior to excretory pore and posterior to the oesophago-intestinal junction, at 80-88 µm from the head end.
Excretory pore conspicuous. Hemizonid 1-2 annuli long, situated 115-125 µm from the anterior end. Oesophageal glands overlapping intestine on dorsal side, extending for 67-98 µm.
Reproductive system with outstretched ovary with oocytes in single file and empty spermatheca. The walls of the tubular vagina varied in thickness and slope anteriorly (Fig. 1I , K and 2I-M). Post-uterine sac (PUS) occupying 14.5-34.6% of distance from vulva to anus. Vulva with well-developed anterior vulval flap (Fig. 1I , K and 2I-M).
Tail conoid, ventrally curved, with a single stalklike terminus and four pedunculate tubercles ending with 4-6 finger-like protrusions which curve towards body.
Male: Not found.
Locality and habitat. Bark samples were collected from coniferous trees (Taxus baccata L.), in a forest, Garmabdasht reqion, Gorgan, Golestan province, northern Iran. All specimens were collected during June -July 2013. Remarks. L. deconincki was originally described by Elmiligy & Geraert (1972) from dunes at the sea-coast in Ambleteuse, Pas-de-Calais, France. Females of this species are characterized by having a post-uterine sac of 25-62 µm, a distinct tail shape with an offset terminus, with four clearly pedunculate tubercles ending in 4-6 finger-like protrusions which curve towards the nematode body; lateral fields with three lines; vulva having a flap, vagina surrounded by a thick cuticularised tube, and the cephalic region lacks a distinct labial disc. This species is most closely related to L. cocuccii Doucet, 1992 known from Córdoba, Argentine (associated with dead branches of Pinus elliottii Engelm.), but can be be separated from it by the shape of the vaginal musculature (more angular vs round) and also the greater length of the post-uterine sac (32-46 vs 40-63 µm) (Doucet 1992) .
Iranian specimens correspond well with most morphological aspects of the French population (especially the shape of the vaginal musculature) and despite the different habitat. Other differences, such as a slightly smaller body length (575-669 vs 690-770 µm) and smaller b value (14.7-17 vs 18-23.5), are considered to be variations among populations within a single species. This species is reported from Iran for the first time.
Molecular characterisation
Our purpose in analyzing sequence data was to compare L. deconincki among closely related species based on blastn search in GenBank. Alignment of the D2/D3 of 28S rRNA gene contained 23 sequences and was 769 bp in length. Fig. 3 represents a phylogenetic tree generated using Aphelenchus avenae as the outgroup and based on 28S DNA sequence data. It suggested that i) the genus Laimaphelenchus is in two separate clades, close to Aphelenchoides and Schistonchus. ii) L. deconincki occurred in a 100%-supported monophyletic clade with L. persicus, L. preissii and Aphelenchoides sp., sister to L. persicus and iii) L. heidelbergi and a Laimaphelenchus species from the United States occurred in a monophyletic clade with the Aphelenchoides and Schistonchus species. When compared with the closest species, L. deconincki (accession number KF998578) differed from, L. persicus (accession number JN006987) by 13.2% (91nt in 685 bp, 86.7% similarity); from L. preissii (accession number EU287598) by 19.9% (141nt in 728 bp, 80.6% similarity); from Aphelencoides sp. (accession number EU287599) by 14.5% (106nt in 728 bp, 85.4% similarity).
In a study of Laimaphelenchus and Aphelenchoides species, Zhao et al. (2008) showed that i) L. preissii and Aphelenchoides sp. (EU287599) were a sister group ii) L. heidelbergi and Aphelenchoides sp. (EU87597) are monophyletic with Aphelenchoides fragariae and a Laimaphelenchus species (AB368539) and also suggested the paraphyly of Aphelenchoides and Laimaphelenchus species. In our analysis, we also observed phy-logenetic relationships in two genera and confirm that Aphelenchoides and Laimaphelenchus species are paraphyletic.
